Abstract The seminal plasma is a mixture of secretions from the testis, epididymis and male accessory sex glands. A number of seminal plasma proteins are associated with male fertility but most of these have not been studied in detail till now. Recently, proteomics has been used to show the differences in proteins profile in seminal plasma from high and low fertility bulls. For example, osteopontin, phospholipase A2, P25b, acidic seminal fluid proteins, a-L-fucosidase and cathepsin D are positively correlated with fertility of bulls and may act as useful fertility marker (s), while lipocalin-type prostaglandin D synthase, spermadhesin Z13, clusterin and ubiquitin are negatively correlated with fertility in bulls. Bovine seminal plasma proteins in seminal plasma act like a double-edged sword and showed a quadratic association with bull fertility. The physiological roles of the metalloproteinase-2 (TIMP-2), ecto-ADP-ribosyltransferase 5, nuclobindin, Niemann-Pick C2 and epididymal sperm-binding protein 1 and their relationship to bull fertility need further studies. This review summarizes the physiological functions of proteins of seminal plasma and their relation to bull fertility.
Introduction
For successful artificial insemination (AI) in cattle and buffalo, bull fertility is essential to assure optimal reproductive efficiency. Routinely used traditional semen quality tests provide limited information about the potential fertility of bulls. Computer assisted semen analyser (CASA) commonly used these days to evaluate semen quality, does not provide high correlation or even consistent results with bull fertility index. Several studies have been conducted in the past decades in the search of exact and potential fertility markers in bulls. Mammalian seminal plasma is a complex mixture of secretions originated from testis, epididymis and male accessory sex glands (seminal vesicles, ampulla, prostate and bulbourethral glands) which contains a variety of proteins that modulate the fertilizing ability of sperm [46] . A number of seminal plasma proteins have been investigated which act as molecular markers of fertility in different species. Based on the literature available on the characterization of these proteins, most of the studies had been conducted in the order: [37] .
After spermatogenesis and spermiation, spermatozoa are not capable to fertilize an oocyte. The fertilizing ability is acquired during the transit of the spermatozoa through the male and female reproductive tract. During transportation, spermatozoa acquire and interact with variety of proteins from epididymal fluid and accessory gland fluids which play very significant role to achieve motility, oocyte binding as well as penetrating capacity and fertilizing ability [1, 86] . Beside these, seminal plasma proteins are also potentially involved in sperm membrane protection, prevention of oxidative stress, anti-microbial activity, capacitation, acrosome reaction and early embryonic development [48] [49] [50] 59 ] . Despite the great importance of these proteins, only few have been studied in detail [8, 10, 20, [46] [47] [48] [49] [50] and in most cases our understanding of their precise role and relationships with male fertility is obscure. In the pre-proteomics era, two dimensional (2D) gel electrophoresis coupled with immunostaining was the method of choice to visualize the whole proteome. Unfortunately, in this method all spots on gels cannot be identified due to the large number of proteins in the seminal plasma. In recent years, the development of mass spectrometric (MS) technique is used to identify large number of proteins spots resolved on the 2D gel electrophoresis from very complex mixture of proteins. Interestingly, proteomics has identified large number of proteins that are differentially expressed in sperm membrane, seminal plasma, accessory sex gland fluid and epididymal fluid of fertile and sub fertile bulls [10, [48] [49] [50] . Moura et al. [49, 50] reported a comprehensive protein profile of cauda epididymal fluid and accessory gland fluid of bulls and detected an average of 108 and 52 spots respectively on 2D gels. In this review, we will discuss our current understanding of the physiological functions of proteins of seminal plasma and their relation to bull fertility.
Seminal Plasma Proteins
The understanding of physiological functions of seminal plasma proteins will give idea how to reduce infertility and improve fertility in breeding bulls. Research conducted on bovine seminal plasma indicates that some specific proteins in semen are related to fertility but still function and relationships with fertility indexes are incomplete for many seminal proteins. The specific seminal plasma proteins related to fertility of bull are discussed below.
Bovine Seminal Plasma Proteins
Bovine seminal plasma proteins (BSPs) secreted by the seminal vesicles belong to family of heparin-binding proteins and represent approximately 70% of the total protein content of bovine seminal plasma [51] . The most common proteins of bovine seminal plasma are represented by three acidic proteins, designated as BSP-A1/-A2, BSP-A3 and BSP-30 (collectively called BSPs). The BSP-A1/-A2 and BSP-A3 have molecular weight of 15-16 kDa, whereas BSP-30 has 28-30 kDa [41] . The BSP-A1/-A2 also known as PDC-109 (Protein with N-terminus aspartic acid D and carboxy terminus Cystine, having 109 amino acids) is a mixture of BSP-A1 and BSP-A2, which differ only in glycosylation [42] . Recently, many similar seminal proteins have been discovered in other mammalian species which are causing inconsistency in the nomenclature and are creating confusion. Therefore, Manjunath et al. [45] proposed a new nomenclature in collaboration with the HUGO Gene Nomenclature Committee and BSP-A1/A2, BSP-A3 and BSP-30 are now called BSP1, BSP3 and BSP5, respectively and BSPs are collectively called as binder of sperm.
At ejaculation, sperms are mixed with seminal plasma for a short period and during this short period of exposure; BSPs remove some (5-8%) cholesterol (1st cholesterol efflux) from the sperm membrane [78] . On the other hand, BSPs also bind to choline phospholipids of sperm plasma membrane [11, 44] . This activity prevents the free movement of phospholipids and stabilizes the sperm membrane. As the sperm reach the oviduct, sperm-bounded BSPs interact with the capacitation factors (such as high-density lipoprotein (HDL) and heparin) and potentiate sperm capacitation induced by HDL and heparin by stimulating cholesterol and phospholipid efflux from the sperm membrane [78] . BSPs are also involved in forming an oviductal sperm reservoir by enabling sperm to bind with oviductal epithelium [29] . This binding maintains the sperm motility until the oocyte reaches the site of fertilization. Normally, the BSPs do not stimulate lipid efflux during capacitation unless certain capacitating agents are present, such as heparin or HDL [78, 80] . In this way, oviductal epithelium via the BSPs, stabilize the sperm until capacitating agents enter the storage area to initiate capacitation. During capacitation, BSPs are lost from the sperm and the sperm lose binding affinity for the oviductal epithelium. Thus, the loss of BSPs during capacitation plays a major role in release of sperms from the reservoir [28, 29] . Thus, BSPs play a crucial role in fertilization by maintaining sperm motility during storage [29] . In contrast to the beneficial role of BSPs in fertility, they may also have deleterious effects during the sperm storage. It has been shown that the cholesterol efflux induced by BSP proteins is dependent on exposure time and concentration. It could be deleterious to the sperm membrane if get more exposure and concentration [78, 79] . Furthermore, [42] observed that the BSP proteins bind to the low-density fraction (LDF) of a lipoprotein component of the egg yolk (EY) extender and that binding is rapid, specific, saturable and stable even after freeze-thawing of semen. The binding of BSPs to LDF may prevent their detrimental effect on sperm membrane, and this may be crucial for sperm storage [42] . Thus, they proposed that the sequestration of BSPs by LDF may represent the major mechanism of sperm protection by EY. Therefore, BSPs in seminal plasma may be beneficial or detrimental to sperm depending on the concentration and exposure time. Moura et al. [49] suggested that this protective action is probably not sufficient in the case of bulls with high concentrations of BSPs in the accessory sex gland fluid/seminal plasma. Roncoletta et al. [60] found the higher concentrations of BSP-A3 in the membrane of the low fertile bull. Therefore, BSP proteins in seminal plasma act like a double-edged sword, being both beneficial and detrimental to sperm.
Lipocalin-Type Prostaglandin D Synthase
Gerena et al. [20] identified the fertility-associated 26 kDa seminal plasma protein as lipocalin-type prostaglandin D synthase (L-PGDS) through the use of N-terminal sequencing, immunoblotting and enzymatic assays. Basically, L-PGDS is a member of the family of transport proteins and has various physiological roles including sleep induction, regulation of body temperature and smooth muscle contraction and relaxation [83] , but exact role of L-PGDS in male reproduction is unknown. However, L-PGDS have been identified on elongating spermatids, Sertoli cells, rete testis, efferent duct epithelial cells along with epididymal epithelial cells and the apical ridge of the acrosome on ejaculated bovine sperm. It may play an important role in both development and maturation of sperm [20, 21] . Its relationship to overall male fertility may be the result of its ability to function as a transmembrane lipophilic carrier protein to maintain the blood-testis and blood-epididymal barriers [21] . Higher expression of L-PGDS in seminal plasma is associated with high fertility in bulls [20, 38] where as Moura et al. [48] observed higher expression of L-PGDS in epididymal fluid of bulls of low fertility. Jobim et al. [36] also found that L-PGDS is associated with seminal plasma samples from bulls of low freezability than from bulls with high semen freezability. More work is required to explore the role of L-PGDS in bull fertility.
Phospholipase A2
Phospholipase A2 (PLA2) are ubiquitous enzymes, present in most cells and tissues, and act on membrane phospholipids releasing fatty acid from the second carbon group of glycerol backbone with concomitant formation of lysophospholipid. The newly released free fatty acid affects the cellular function and the concomitantly generated lysophospholipid may act on cellular membrane. PLA2 has also been found on the plasma membrane as well as in the acrosome and post-acrosomal substance of ejaculated bull sperm [84] . It has a molecular weight of 60 kDa and pI 5.6 [69] while an isoform 16 kDa PLA2 [62] has also been detected. It has been shown that PLA-2 is attached on the surface of ejaculated bull sperm but not on the epididymal sperm [61] . It plays important roles in the late maturational events of spermatozoa, the acrosomal reaction and spermegg fusion [67, 87] . The PLA2 attached to sperm membranes, synthesizes arachidonic acid, which is converted to prostaglandin E2, leading to events related to acrosome reaction [4] . The membrane-bound PLA2 may be stimulated or inhibited depending on the local concentration of BSPs [44] . BSPs may sequester choline phospholipids on the sperm surface and thereby block PLA2 from acting on these phospholipids and prevent sperm from undergoing a premature acrosome reaction [44] . There is also evidence that PLA2 stimulates immune cells [27] and has antimicrobial activity in the seminal plasma [3, 85] . The expressions of PLA2 are more in the accessory sex gland fluid of high fertility bulls than in low fertility bulls [49] .
Osteopontin
Killian et al. [38] found four fertility-associated proteins in the bull seminal plasma, one of them later identified as osteopontin (OPN). OPN is a highly acidic glycoprotein that was initially isolated from the mineralized matrix of bovine diaphysial bone [18] . Later on it was detected in several tissues and fluids, including non-osteogenic cells. In general, OPN is associated with cell adhesion, tissue remodelling, immune cell stimulation, chemotaxis, and cell survival, inhibition of calcium oxalate crystallization, intracellular signalling, cytoskeleton dynamics and tumour metastasis. It is very interesting that this multifunctional protein is also found in the male reproductive tract and associated with fertility. This protein is expressed in the ampullae, seminal vesicles and epididymis of different species. It is likely that the different isoforms of OPN detected in different portion of bull reproductive tract with different functions [16] . In the seminiferous tubules, where it is synthesized by Sertoli and germ cells, OPN is potentially involved in binding these germ cells to the basement membrane of the seminiferous tubule and to adjacent Sertoli cells [40] . In bull, OPN expressed only in the seminiferous tubules containing elongated spermatids suggesting a stage-related expression pattern [58] . OPN promotes capacitation of sperm through unknown way and increase sperm viability possibly by blocking apoptotic pathways [16] . OPN interacts with the membrane of ejaculated bull sperm and also affects sperm-oocyte binding and early embryonic development [50, 70] . Souza et al. [70] proposed mechanisms by which OPN bind to sperm at ejaculation, possibly through integrin and/or CD44 receptors. According to this mechanism, OPN remain bound to sperm until it reaches the site of fertilization. Link of sperm-bound OPN with integrin and/or CD44 receptors on oocyte membrane would inevitably trigger intracellular signalling, affecting post-fertilization events [70] . Thus, this mechanism explains why exogenous OPN has positive effects on early embryo development in vitro. Addition of antibodies against OPN to the IVF medium causes significant reductions in the percentage of fertilization of oocytes [24] . OPN is associated with an increased capacity of sperm to penetrate the oocyte [50] and prevention of polyspermy in porcine [30] and bovine [16] . The functional role of OPN on male fertility may be indirect. Brown et al. [5] assumed that luminal OPN binds to integrin receptors located on the epithelial surface and protect these epithelial cells from bacterial infections and influence host defences in inflammatory conditions. In this way, OPN also involve in male fertility indirectly by protecting epithelial surfaces of the accessory sex glands from bacterial infections. OPN was found in more amounts in the accessory sex gland fluid of high fertile bulls than in low fertile bulls [48] .
Acidic Seminal Fluid Protein
An acidic seminal fluid protein (aSFP), molecular weight 13 kDa, was first purified from bovine semen showed growth factor-like activity [13] . Later on, the aSFP was detected in secretions of ampulla and seminal vesicles, but not in testis, epididymis or blood of bulls [14] . Bovine aSFP belongs to the spermadhesin protein family [6] . In the pig, spermadhesins are a group of 12-14 kDa spermassociated lectins which appear to mediate sperm binding to extracellular coat of the oocyte zona pellucida [81] . However, unlike the porcine spermadhesins, aSFP binds only loosely to the sperm surface at ejaculation but lost after capacitation [12] . Dostilovi et al. [12] suggested that the bull spermatozoa surface may be completely depleted of spermadhesin aSFP before spermatozoa reach the surroundings of the investing egg. Therefore, aSFP may act as a decapacitation factor on bull spermatozoa rather than as a zona pellucida binding molecule. In vitro, the motility of ejaculated bovine spermatozoa was significantly decreased at highest aSFP levels but was restored after dilution, indicating that the reversible inhibition of spermatozoal motility may be caused by a specific interaction between aSFP and spermatozoa but aSFP did not affect the viability of spermatozoa [68] . In the bull, spermatozoa are temporarily stored in the ampulla prior to ejaculation, where high aSFP levels restrict motility as an energy-preserving mechanism [68] but in the female reproductive tract loosely attached aSFP is diluted out, allowing for rapid restoration of sperm motility [12] . In this way, it is assumed that high amounts of aSFP in ampulla prevent spermatozoa from wasting energy on ejaculation, but it could stimulate their activity after dilution in the female genital tract [68] . The aSFP also protect spermatozoa from oxidative damage by diminishing lipid peroxidation at its physiological concentration [15] . Higher concentration of aSFP was found in semen from high freezability bull as compared to semen from low freezability bull [36] .
P25b
P25b, member of a family of xylulose reductases, secreted by the epididymal epithelium and attached to the testicular sperm surface during the epididymal transit [55] , is associated with the plasma membrane that covers the acrosomal cap of spermatozoa [55] . Epididymosomes are released in cauda epididymal fluid through apocrine secretion by the epithelial cells bordering the epididymal lumen. The epididymosomes transfer this protein from the epididymal lumen to sperm surface which is pH, temperature, and zinc dependant [19] . It may be involved in the binding the spermatozoa to the surface of the egg and acquisition of sperm fertilizing ability [64, 73] . Thus, spermatozoa acquire this property during epididymal transit and this protein is considered as a marker of epididymal maturation of male gametes. The amount of P25b associated with spermatozoa shows individual variation, and low levels of P25b are found in spermatozoa from bulls of lower fertility [55] . During the cryopreservation, this surface protein, P25b, is exposed to cryoinjuries and also assumed that partly cryoeluted from the surface of frozen-thawed sperm [39] . The loss of P25b occurring during cryopreservation decrease frozen-thawed semen fertilizing ability [39] . Duration of storage in liquid nitrogen and the extender used to cryopreserve bull spermatozoa both affect the level of P25b present on sperm surface [39] . Lessard et al. [39] found that a milk-based extender is more efficient than egg yolk in protecting sperm against the protein cryoelution that occurs during cryopreservation. Thus, P25b is a potential marker of sperm maturation and fertility loss associated with freezing-thawing procedures.
Spermadhesin Z13
Killian et al. [38] found that the spermadhesin was abundant in seminal plasma of bulls of low fertility and named it anti-fertility factor. Subsequently, it was identified as the spermadhesin Z13. The spermadhesin Z13 appears as two 13 kDa monomers in 2D SDS PAGE of bovine seminal plasma, which are assumed to originate from a 26 kDa dimer [77] . Similarly, Moura et al. [49] identified a spermadhesin Z13 spot in the accessory sex gland fluid gels at 29 kDa. Spermadhesin Z13 shows 50 and 43% homology with the aSFP and seminal plasma motility inhibitor, respectively [77] . The spermadhesin Z13 binds to the surface of sperm [82] . Moura et al. [48] suggested lower fertility of bulls with high levels of spermadhesin Z13 due to adverse effect of this protein on sperm motility. Thus, this protein has an inverse relationship with bull fertility.
Clusterin
Clusterin was first identified in ram rete testis fluid where it showed signs of clustering with rat Sertoli cells and erythrocytes [2] , hence its name. Clusterin, 75-80 kDa disulfide-linked heterodimeric protein, is also known as sulfated glycoprotein-2, testosterone-repressed prostate message-2, apolipoprotein J and complement lysis inhibitor. It is expressed in most mammalian tissues and associated with the clearance of cellular debris and apoptosis. The protein has been implicated in many diverse physiological processes such as programmed cell death, regulation of complement mediated cell lysis, membrane recycling, cell-cell adhesion, lipid transportation, sperm maturation, tissue remodelling, stabilization of stressed proteins in a folding-competent state and src induced transformation. In the male reproductive tracts, it is produced by Sertoli cells and principal epididymal epithelial cells [76] and is translocated to abnormal germ cells and spermatozoa [34] . However, Ibrahim et al. [32] found as 70 and 40 kDa isoforms of clusterin in the accessory gland fluid are similar to those reported in the cauda epididymis fluid of bulls. Ibrahim et al. [32] also found that several isoforms of clusterin occur in the bull reproductive tract and the variation in carbohydrate content among these isoforms may affect the biological or functional activity of the protein. Clusterin in male reproductive tracts is involved in various physiological processes such as it binds and agglutinates abnormal spermatozoa in bulls, prevent oxidative damage to the sperm, inhibit complementinduced sperm lysis [32, 52, 57] . Sephadex filtration is a semen evaluation assay that was introduced by Graham et al. [26] . Filtration of bull semen through these columns removed immotile, dead and abnormal spermatozoa, and improved non-return rates of low fertility bulls from 61 to 67% [25] . It was suggested that changes in the sperm surface structure rather than motility determines whether or not sperm will pass through the filters [9] . Subsequently, the trapping of abnormal spermatozoa in the filters was hypothesized to depend on the exposure of a clusterin-like molecule on the spermatozoa [66] . In human and bull semen, antibodies raised against the dimeric form of clusterin bind only to abnormal sperm cells [53] . Ibrahim et al. [34] suggested that the percentage of clusterin positive sperm cells in semen could be a useful marker in poorquality ejaculates. The presence of clusterin on ejaculated sperm may indicate improper spermatogenesis or irregular epididymal maturation [33] . Thus, clusterin is a protein that shows an inverse relationship with fertility.
Ubiquitin
Ubiquitin was first isolated from bovine thymus in 1975 as 8.5 kDa protein but later detected in all eukaryotic cells [23] . In general, ubiquitin binds to proteins and directs to the proteasome, which is a large protein complex in the cell that degrades and recycles unneeded proteins. The Nobel Prize in Chemistry for 2004 was awarded jointly to Aaron Ciechanover, Avram Hershko and Irwin Rose for the discovery of ubiquitin-mediated protein degradation. In the male reproductive tract, ubiquitin is secreted by epididymis [74] . In the bull epididymal fluid, prostasome-like secretory particles, epididymosomes transfer epididymis-secreted proteins to the bull sperm plasma membrane [19] . Such ubiquitin-containing epididymosomes arise from the release of the apical blebs from the epididymal epithelial lining [31, 74] . Sutovsky et al. [74] discovered that arylsulfatase A is one of the sperm surface proteins ubiquitinated in the defective spermatozoa. Increased ubiquitin levels in bull sperm are indication of both poor semen quality and fertility in bulls. The ubiquitin is a suitable marker of sperm abnormalities because it covalently links to the surface of defective mammalian spermatozoa [74] . It can be detected by ubiquitin-based sperm quality assays which are relatively easy and not costly to perform [75] .
Some Others Seminal Plasma Proteins
a-L-fucosidase is detected in seminal plasma, epididymal fluid and on spermatozoa of bull [35, 72] . The cauda epididymidis is the main source of a-L-fucosidase in the bull [72] . Moura et al. [48] also detected a-L-fucosidase in the cauda epididymal fluid of bulls having molecular weight 54.4 kd and pI 6.6 and was asscociated with high-fertility bulls. a-L-fucosidase is possibly involved in the modification of carbohydrate moieties of sperm membrane proteins during epididymal transit and was found in lower amounts in the seminal plasma of bulls with more percentage of abnormal sperm [35] . The pure enzyme promoted the acrosome reaction of guinea pig spermatozoa in vitro [72] .
In the male reproductive tract, cathepsin D, found in cauda epididymal fluid [48] , may participate in the proteolytic remodeling of membrane components of sperm during epididymal transit. The intensity of cathepsin D in 2D maps of the cauda epididymal fluid was 2.4 fold greater in high-fertility bulls than in low-fertility bulls [48] . Apolipoprotein A-I is a component of HDL [71] , and is suggested to be involved in sperm cholesterol efflux and capacitation [43, 79] . The metalloproteinase-2 (TIMP-2) is found as 24 kDa heparin binding protein in bovine seminal plasma [7, 50] . It is suggested that TIMP-2 influences fertility of bulls, either through inhibition of metalloprotease activity in semen or via undefined activities independent of matrix metalloproteinase (MMP) inhibition [47] . However, precise role and mechanism of action of TIMP-2 in relation to bull fertility are currently under investigation.
The ecto-ADP-ribosyltransferase 5 (ART 5, 43 kDa, pI 6.3) has been identified in the accessory sex gland fluid [50] . However, its physiological role in male reproduction and relation to fertility is not known. Nucleobindin (58 kDa, pI 5) a protein with Ca 2? and DNA-binding motifs was first time identified in accessory sex gland fluid by Moura et al. [50] . Interestingly, like OPN, nucleobindin has also been associated with bone cells and odontoblasts [56] . Thus another bone protein was identified in the bull seminal plasma and accessory sex gland fluid but its role in fertility is obscure.
Niemann-Pick C2 (NPC2), high-affinity cholesterolbinding protein, is secreted by epididymis of various species [17, 22, 54] . This protein is thought to be involved in cholesterol transport during sperm maturation [22] . NPC2 in the bovine seminal plasma acts as a membrane reorganization factor in a capacitation-independent process [22] . The epididymal sperm-binding protein 1 (ELSPBP1) is having highly regionalised expression in the epididymis [63] . Their distinct spatial expression patterns along the epididymal duct suggest that ELSPBP1 may have a role in sperm maturation [65] .
Concluding Remarks
The physiological functions and their relation to bull fertility of a number of seminal plasma proteins have been studied in details. BSPs are involved in stabilisation of sperm membrane, formation of sperm reservoir in the oviduct, maintaining sperm viability in sperm reservoir, inhibition of PLA2 activity and capacitation. However, BSPs in seminal plasma act like a double-edged sword, being both beneficial and detrimental to sperm. L-PGDS is associated with development and maturation of sperm. The trans membrane lipophilic carrier proteins maintains the blood-testis and blood-epididymal barrier. The role of L-PGDS on bull fertility is contradictory. PLA2 plays important roles in acrosomal reaction and sperm-egg fusion and is associated with semen of high fertility bulls. OPN is involved in protecting epithelial surfaces of the accessory sex glands from bacterial infections, binding germ cells to the basement membrane of the seminiferous tubule and to adjacent Sertoli cells, sperm-oocyte binding, fertilization process, blocking to polyspermy and early embryonic development. OPN is a significant marker of bull fertility and abundant in the seminal plasma of bulls with high fertility. aSFP protects spermatozoa from oxidative damage, influence sperm motility and more amount of aSFP is found in the bull semen with high freezability. P25b, a marker of epididymal maturation of sperm, is involved in binding of spermatozoa to the ovum and low levels of P25b are found in spermatozoa from bulls of lower fertility. Spermadhesin Z13, an anti-fertility factor, adversely effects sperm motility. Clusterin binds and agglutinate abnormal spermatozoa, prevent oxidative damage to the sperm, inhibit complement-induced sperm lysis and act as a useful marker of poor-quality ejaculates. Ubiquitin is a suitable marker of sperm abnormalities because it covalently links to the surface of defective mammalian spermatozoa. Beside these, other proteins like a-L-fucosidase, cathepsin D, ART5, TIPM-2 and NPC2 are also found in seminal plasma with different functions but their relation to bull fertility need to be further investigated. Due to advancement of techniques and technologies in this area the future research will probably be directed towards detailed proteomic studies of low/abundant protein (s) components in fertile and subfertile bulls which will help in better understanding of exact function of seminal plasma proteins and their relationship to fertility.
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